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ABSTRACT
Engineers have always assumed that soils derived from the same parent
material and under the same environmental conditions would have similar engineer-
ing properties . To ascertain the extent to which this is true a study was
conducted on two soils . These soils were obtained from Madison and Tipton
Counties, Indiana and are pedologically classified as Brookston and Crosby.
Twenty borings were obtained from each county - ten from Brookston
soils and ten from Crosby soils. Samples of these soils were subjected to the
following tests and the results analyzed statistically:
1. Atterberg Limits
2. Standard AASHO Compaction Test
3. Hveem Stabilometer and Swelling Pressure Tests
h. California Bearing Ratio Test
5. Grain Size Distribution Test, and
6. Unconfined Compression Test
X-ray diffraction tests were conducted on eight samples - four from
the rises and four from the depressions
.
From the statistical analysis, utilizing analysis of variance
techniques it was found that soil variability is a function of the property
being measured. The variability of the soils , as defined by the parameters
of these tests, was very large. The consequences of such variation as it
pertains to pavement design were considered.
Diagrams are presented which relate the number of borings required
to predict the mean value, of a given test parameter, to a desired degree
of precision.
VARIABILITY OF ENGINEERING PROPERTIES
OF BROOKSTON AND CROSBY SOILS
INTRODUCTION
When dealing with relatively large areas, two broad aspects of soil
sampling need be investigated. The first deals with the accuracy of soil
tests for a given soil type. Closely allied to this is the problem of
determining the number of soil samples required in order to define the soil
within certain specified limits. This problem presents itself in regard to
pedological soil classification as well as classification based on land forms.
As an example, consider a highway which crosses a typical glaciated
area. By the use of airphotos, agricultural soil maps and other tools at the
disposal of the engineer, the general soil types can be delineated. Next,
information regarding the uniformity of the deposit can be obtained by detailed
exploration. The variability among random samples may be great. Clarification
of the random variability of soil can be of great value to the soils engineer.
Another phase of the problem deals with the variability from one soil
area to another of the same classification. The data in this regard would be
of great value in connection with setting up "average" soil property values
which can be adopted for design.
Data from the last phase discussed above, can be used by the soils
engineer and researcher alike for preliminary pavement design. Correlation
studies of pavement performance would also be enhanced if typical strength
values were known
.
In order to find the optimum solution to the problems stated above
the disciplines of soil mechanics, statistics, airphoto interpretation and
pedology were utilized.
PURPOSE AND SCOPE
The primary purpose of this study was to determine the variation
which could he expected in the engineering properties of soils derived from
the same parent material and under similar conditions of climate, vegetative
cover, age, and topography. Secondly, based on the above, the number of samples
required to reliably predict these properties was determined.
The areas selected for this study are located in Tipton County and
Madison County, Indiana. The parent material is late Wisconsin drift and is
illitic in nature. The soils formed from this parent material belong to the
Miami-Crosby-Brookston Catena, according to pedologic soil classification.
The Crosby, denoted rise, existing on 0-1$ slopes and the Brookston, denoted
depressions, existing in depressional areas were utilized in this study.
Twenty borings were made in each county - ten in elevated positions
and ten in the depressions . The A, B and C horizons were samples in each
boring. However, only moisture content and Atterberg limit determinations
were performed on the soil from the A-horizon. The soils from the B-horizon
and C-horizon, in addition, were subjected to grain size analysis, California
Bearing Ratio (CBR) tests, compaction tests (dynamic and kneading), unconfined
compression tests and Hveem stabilometer and swelling tests.
The data obtained from the above tests were subjected to statistical
analysis in order to estimate the variance of the soil properties and the
number of samples required to define these properties. As regards the former,
two questions were answered:
1. Is there a significant difference between the physical properties
of the soil taken from horizons in the same soil series in two
counties?
2. Is there a significant difference between the results obtained
from the various borings within a given county?
Finally,, it was hoped to discover useful relationships between the
properties listed previously. Such may provide information for the preliminary
design of structures.
PROCEDURE
Pedologic maps and soil surveys were not available for the counties
considered in this study. Therefore,, it was necessary to make the selection
of the boring sites on the basis of airphoto patterns . Consequently, after
studying the airphotos of five Indiana counties it was decided to use Madison
and Tipton Counties based on the similarity of their airphoto patterns. In
particular, an area just south of the Union City moraine, in each county, was
chosen.
The parent material is Wisconsin drift. However, in order to negate
the effect of the moraine the sampling sites were chosen such that they were
equidistant from the moraine (approximately 5 miles).
On the basis of airphoto pattern the soils of the area were divided
into two categories - rises and depressions. Possible boring sites were
chosen, in the office, after which a field check was made and the final boring
locations determined. Accessibility was a factor in choosing the final
boring sites (Fig. 1 and 2). A total of twenty borings were made in each
county (ten in the rises and ten in the depressions). See Fig. 3 for
generalized soil profiles - based on boring logs.
Samples were obtained by hand augering. Approximately 300 grams of
soil was taken from the A-horizon of each boring, and values of the Atterberg
limits and natural moisture content were determined. Since the A-horizon is
many times wasted in engineering construction it was felt that extensive
testing was not warranted.
In addition to samples for the Atterberg limit and natural moisture
content tests, approximately one-hundred pounds was taken from both the B
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into sizes necessary to perform the following tests:
1. Grain-size distribution and specific gravity
2. Standard AASHO compaction test
3- Hveem stabilometer and swelling pressure test
k. CBR tests
5. Unconfined compression test
6. X-ray diffraction tests
Natural Moisture Content
Moisture content samples were taken from each horizon in each boring.
An attempt was made to always select the sample from the same depth below the
ground surface - the depth at which these samples were taken depended on
whether the boring in question was located in a rise or a depression. No
quantitative analysis of these data was attempted. Only one moisture content
sample was taken per horizon.
Atterberg Limits
The Liquid Limits and the Plastic Limits were determined in accordance
with ASTM Designations: ~Dk23-5 l® and k2k~5kl!, respectively, with the
exception of the method of preparation of the samples . The tests were conducted
on samples at their natural moisture content. It was felt that such a
procedure would best indicate plasticity properties of the in situ materials
.
Two determinations were made in each horizon.
Grain-Size Distribution and Specific Gravity
The procedure for determining the specific gravity of the soils is
that given in ASTM Designation: D85U-58.
As regards the grain-size analysis, ASTM Designation: DU22-5^T was
employed with the following variations
.
1. A constant temperature bath was not used.
2. Two grams of the water conditioner "Calgon", manufactured "by the
Calgon Company, Pittsburg, Pennsylvania was used as a deflocculating
agent. This amount of Calgon was added per 50 grams of soil.
Compaction Tests
Standard AASHO compaction tests were run according to Method A of
ASTM Designation: D698-58T.
Hveem Stabilometer and Swelling Pressure Test
Hveem stabilometer and swelling pressure tests were conducted in
accordance with test method No. California 301-B, State of California,
Division of Highways . Molding moisture content was considered critical and
was the controlled variable. This molding moisture content was chosen on the
basis of the kneading compaction curves
.
The kneading compaction curves were established by the compaction
procedure given in test method No. California 301-B with three variations:
1. All moisture was added to the sample the day prior to testing.
2. Compaction curves were determined for compaction foot pressures of
350 psi, 250 psi, and 150 psi. See Figure 8 for typical curves.
3. The compactor foot pressure used to get the soil into the mold
was 75 psi instead of 15 psi as prescribed in the aforementioned
test method.
On the basis of the first series of compaction tests it was determined
that the compaction foot pressure which would give densities approximating the
standard AASHO results was 150 psi. Thus, the remainder of the tests were run
using the 150 psi foot pressure only.
Since it was not feasible to run compaction tests on samples from each
horizon, the samples were grouped according to the density obtained from the
standard AASHO compaction test. A sample of each group was then subjected to
a compaction test utilizing the kneading compactor. The stabilometer specimen
from each horizon was then molded at the O.M.C., optimum moisture content,
determined from tests on the sample representative of its density group.
Borings 3* 25 ? and 12 were used as the standard. For the C -horizon the
density groups represented by the above samples were more than 120 pcf
,
117-120 pcf and less than 117 Pc f respectively. However, in the B-horizon the
density range was much narrower and it was necessary, in many instances, to
use logic and intuition in assigning a molding moisture content to a given
sample. The criteria as to whether the proper moisture content was assigned
were density and the action of the soil under the compaction foot. If a
density approximating the standard AASHO was obtained and if there was not
significant shoving of the surface during the compaction process the assigned
moisture content was assumed satisfactory.








The average moisture contents of the samples were controlled to with + 0.5$.
8
California Bearing Ratio Test
CBR tests were conducted in accordance with the U. S. Army Corps of
Engineers test procedure given in EM 1110-45-302, Appendix III, 1957, part 5
with the exception that the standard AASHO compact ive effort was used. Also,
the average molding moisture content was controlled to within t 0.5$ of the
standard AASHO optimum moisture content.
Unconfined Compression Tests
Unconfined compression tests were run on specimens molded with the
Harvard Miniature Compactor. The compactive effort was five layers at fifteen
blows per layer using a kO pound spring.
The soils from each horizon were divided into groups according to
density and compaction tests conducted on a representative sample of each group
to determine the O.M.C. The same density groups as cited in the discussion
of the Hveem tests were utilized. Borings 11, 33, and 24 were taken to
represent the high, medium and low density groups respectively (based on the
density of the C-horizon).












These average moisture contents are within + 0.5$ of the desired moisture
content
.
The rate of strain, used for the unconfined compression tests, was
0.07 in. per min. Also, after molding, the samples were wrapped in aluminum
foil, placed in a sealed container and stored overnight. They were tested
the following day.
X-ray Diffraction Tests
X-ray diffraction tests were run on the B and C -horizons of 8 borings.
Two borings were selected from the rises and two from the depressions of each
county.
The basis of the selection of the borings to be utilized was unusual
behavior as exemplified by the CBR and Hveem Stabilometer data. The samples
chosen produced higher CBR and/or stabilometer (R) values for the B-horizon
than the C-horizon. This situation is just the opposite of the normal trend
and it was felt that a knowledge of the clay minerals present might help to
explain the reason for this behavior
.
With the above in mind, borings which were representative of the group
of soils in which this event occurred were chosen. On the basis of topographic
position and county they may be arranged as follows:
Boring Number
Rise Depression
Tipton County k, 12 1, ik
Madison County 21, 35 2k, 28
The slides for the x-ray diffraction test were prepared from a portion
of the soil which was quartered for the hydrometer analysis test. Fifty
grams of the soil were mixed with approximately TOO cc of water and 2 grams
10
of the Abater softener 'Calgon"' . The suspension was then mixed in a mechanical
stirrer for three minutes after which the soil was allowed to settle out of
suspension. After a period of time a sample was taken from the suspension at
a depth, "based on Stokes law, where particles of size 2 microns would be
located. This portion of the suspension was placed on a glass slide and
allowed to dry.
Statistical Analysis
Following completion of the above tests, the data were analyzed,
statistically, using analysis of variance techniques . Table 1 shows the data
layout for the analysis of variance studies. It should be noted that, with
the exception of the Atterberg limits, only the B and C-horizons will be
considered.
RESULTS
The analysis of variance model for the test results is as follows:
Y. .. n = U + C. + D. -!- CD. . + B. / . . n -:- H, + HC._ + HD. nljklm l j ij kUj) 1 il jl
+ HCD. ._ + HB-. /. .v + E , . ... v (l)
ljl lk(ij) n(ijkl)
where Y
' ijklm, is the value obtained from a given test
U, is the true mean value for the population
C
.
, the between counties true effect
l
D. depression vs rise true effect
3,
B / . . x between boring true effect in the C-D cells
H between horizons true effect
E / . \, error true effect of repeat measurements, and the other termsmUjklr
denote interactions between the main effects listed above. As regards the
main effects, C, D
;
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The subscripts may assume values as follovs:
i - 1, 2
J = 1, 2
k = 1, 2, 3, .10
1 - 1, 2, 3
m = 1, 2












where, <C , the total estimated variance between borings,
2
CT , the variance due to laboratory procedure,
_ 2
-n j the variation from boring to boring, and
— 2
w „p , the variation in boring results due to differences in the properties
of the horizons









Therefore, if it is desired to predict the mean value of the population to any
specified degree of precision, L, then
x
where L, the limit of accuracy
t, the value obtained from the normal distribution and is a function of
the ex level desired.




In this study an c* level of 0.05 is used which means that, on the
average, 95$ of the tine the true mean values will fall within the limits
indicated for the given value of n. Also, for a.. = 0.05, t = I.96.
The statistical analysis is based on the assumptions that
1. The variance is not significantly affected by a change in
operators
,
2. There is no significant change in variance with horizon, and
3. Normality of dependent variables.
In the analysis of variance tables the following abbreviations are
used:
1. D. F., degrees of freedom,
2. M. S., mean square, and
3. EMS, expected mean square.
The above abbreviations are also used in the text.
Atterberg Limits
Liquid Limit
Table 2 summarizes the results of the analysis of variance. Each
main effect and interaction was tested for significance utilizing the F-test
for the ratio of two variances (l). From these tests it was determined that
a significant difference existed between the rises and depressions, between
borings within the different combinations of county and rise versus depression,
that is, in the C-D cells and between horizons. Also, it was found that the
interactions between the horizons and borings in the C-D cells tested
significant. Significance indicates that the effect being considered makes
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The analysis of variance and the significance tests also showed
that there was no significant difference between counties and that no
interaction terms involving counties tested significant . This indicates
that the data need not be subdivided on the basis of counties. From Table 2
the following values for the variance estimates can be obtained:
a 2 = 685 = 5.71
126










= 5-71 + 22.35 + 7o-> - 35. ]!-2.
2
Based on the above value of GL the number of borings required to
predict the LL to a given degree of precision was determined. Figure k is
a graphical representation of this relationship. Precision , denoted limit
of accuracy, is expressed in percentage points of moisture. Thus, for an
average of 3 borings, 95 percent confidence limits will be, on the average,
- h percent. In Fig\ure k} the ordinates for liquid limit are I.96 li ^' .
If n
since 95 percent of a normal curve area is from -I.96 to + 1.95.
Plastic Limit and Plasticity Index
In order to conserve space, as veil as for easier reading, the
analysis of variance tables for the plastic limit, plasticity index and
all measured variables subsequently referred to are emitted. If such
information is desired see reference 3«
The results of analyses of variance of both, the plastic limit and
plasticity index data proved no significant difference between the two
16
comities but all other main effects i.e. borings in the C-D cells, horizons
and rise vs depression (topography) tested significant.
As regards the plasticity index (Pi), all interaction terms tested
significant with the exception of county-depression (CD) and horizon-
county-depression (HCD) interactions. Considering the plastic limit, only
the HCD interaction vjas not significant.
Recall,
Then, considering the plasticity index
CTT
2
= 5-22 -:- 3-75 + 7-69 = 16.55.
Therefore,
£~~ = 1 1 15.66-




= 1.03 -:- 6. 03 -:- 2.16 = 9.27
and
<r_ = 1/ 9.27
X 11^
Based on the above values of (I the number of borings required to
predict the plastic limit and the plasticity index to an;r desired degree
of precision can be computed (See Figure h) . Note that the li;.iit of accuracy
(precision) is in terras of percentage points of moisture.
From Figure k
}
considering absolute values,, the liquid limit is the
most variable and the plastic limit the least. Tne absolute variability of
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Table 3 shows a summary of the Atterberg limit data. It contains
the maximum, minimum and mean values of the liquid limit and plasticity-
index. From this table it can be seen that the mean values of these
properties, for a given horizon, are not greatly different for the two
counties
.
Compaction Tests (Standard AA.SH0)
An analysis of variance was conducted on the optimum moisture content
(O.M.C.) and the optimum density (O.D.) values using the data from the
Standard AASHO compaction tests . Considering the optimum density data the
2 2




Therefore, from equation (2) we obtain
J T2 = 1.02 + 3-22 + k.9k = 9.I8
o
Utilizing this value of o~m and equation [h) the upper curve of Figure 6
is obtained. The curve represents the relationship between number of borings
and limit of accuracy. For example, if one wishes to predict the mean
optimum density of the population within the limit of -3 pcf it would be
necessary to make four borings.
The components of the total variance of the optimum moisture content
data are (J = 0.50, <J"B
= 0.7^ and U HB
2
= i-Olj therefore, (j '^ = 2.25
Based on this value of the total variance, (fm , and t = I.96 - for
significance level of 5$, <X = 0.05 - the lower curve of Figure 6 is
obtained.
The factors which tested significant for both the optimum moisture
content and density are the horizon and between boring main effects and
the horizon-boring interaction. In addition, the county-topography and the
21
<D 03
c^to cv UN. tO -£> o^ irvsO -J--H;0
• • • • • • • • • •
H ON,tO O O ON H O t>- ON, tO ON
rH C\i CM CM H cm CM CM
S tS
3 CD vO tO tO CM ON O CM on, un rH <t WN
l^g
• • • • • • • * • •




3 CD OH1M to -d- ON OnO to ON CV
1 S^ • • • • • Oh • • • •O O- un. CM £> <3 03 ON, LT\ CM ON, UN.





M h4 M H
a. a, Oh Ph
H E
o,
ITS C-tO Hn<f ON. H ON un. o O
M c0 v—
'
• • • • • • • • • •
vtnnO cv r-i <M>- UN, -J- CM OH^O
cr\^fcv UN ITS CM ON. <J-CV UN UN. C\JS>
3 (D C^CNJ rH <t CM O- lAO^CM UN.ON._H-
• • • • • • • • • • •
.3 H "©CJ. ^-onon.
-J UN. ON.
O on o-\ XO <-{ ON O UN. to




g cd -* u\~* ON CM UN. rH O "N. n£> t>-rH
•h d dS-
C cO "--'
• • • • • • • • • • •
r-i ONQN CA ON~* On to to H un to








































O "rH cdo E-f S
22
horizon-county-topography interactions tested significant as regards the
optimum density data. Thus, the absolute variability of the optimum
density data is greater than that of the optimum moisture content. This
can also be observed from a comparison of the magnitude of the mean squares
of the variance estimates, as well as the relative position of the curves
of Figure 6.
Table h shows a summarjr of the compaction test data. It contains
the maximum, minimum and mean values of the optimum moisture content and
optimum density data. Noting the closeness of the results when horizon is
held constant and the tri.de disparity when it is allowed to vary discloses
why the aforementioned factors tested significant.
A linear regression analysis was made on the optimum densit3'- and
plastic limit data. From this analysis it was found that the equation
representing the linear relationship between the O.D. and the PL is as
follows
:
O.D. = 152.5 - 2.1 (PL) (5)
where
,
O.D., is the optimum density (lbs/ft )
and
PL, is the plastic limit ($).
Figure 7 is a graphical presentation of equation (5)« Each point
represents the average of the two tests run per sample. There was observed
to be no segregation of results based upon county and/or topography, but
the data did group themselves according to horizon.
23
CD to ST ro CM o











































































to m si- ro oj —



















8 16 24 32
PLASTIC LIMIT (%)
FIG. 7 PLASTIC LIMIT VS MAXIMUM DRY
DENSITY ( STD. AASHO )
25
. <J> sO o CM CM ca "N. to oC 0^-N • • • • • • • •
(8 H\A <r\ <~i rr> o- ^^ -* ON
cd (D v^ o cm O H O rH O rHa > rH A rH H rH H r-i r-i
1 2$ CM o O H o o <r\ t-• • • • • • • •
R H« to c\ to <r\ to «> C- cmO CM o cm O CNi O CMH H H rH H H H rH
a Q> iA O t>-o rH H MD CM
•3 h >5!




c cs^ O H ON r-i O H O rH
:d > rH H H H r-i r-i
>>
. -p
K fn • • • •
<D '» Q Q Q Q
T) (X • • • •
a o O O O OM U
PL,
0) O H <r\cv CM CM c^ o-
C S'-n • • • • • • • •
CO rH «. On CM OnC*N. CO <TN. to CM
Q) fflv
—
H H r-i r-i r-i H r-i r-is >
1 32 o t> tO Cf\ CM -* •<J-rH
a S'-n • • 9 • • • • •H H ts^. CA fN, CM nO O "> O "N
CM rH CM H CM r-i CM r-i
a >w
i o) O OS CM r-i o o CM T>a 3^H i-i e^ •
• • • • • • •
o- o o-o NO ON sO o









. -P • • • •
K S-. o C_> o o
CD CD • •
• •
"2 CK s • i| s J5^J





cd CD CO CD CO
b CO CO CO CO









o •H cdo Eh a
26
Hveeni Stabilometer and Swelling; Pressure Tests
As described previously, the samples were first grouped according
to the optimum density obtained from the Standard AASHO compaction tests
.
Next a representative sample from each group was subjected to compaction
with the kneading compactor to determine the O.M.C. and O.D. The samples
for the stabilometer and swelling pressure tests were then compacted at the
optimum moisture content representative of the group to which it belonged.
Figure 8 is typical of the kneading compaction curves from which the
optimum moisture content was determined for each group. The 150 psi curves
were the basis for this study.
Analyses of variance were conducted on the stabilometer (R-value)
and swelling pressure values. Considering the stabilometer values (R~values),
the only factors which may possibly be significant are the between boring
2 ?
variance ( (F-o ) an^ 'the horizon-boring interaction ( (T\ro )• As regards
o
the swelling pressure, horizons ( (J „ ) and the horizon-topographj'
- inter-
action definitely tested significant while the possibility remains that
2 2
(7~d and C7"TIT, would test significant.a na
Due to the fact that there is only one measurement per cell it is
o
impossible to obtain a statistical estimate of the error mean square ( <j~ )
.
2 2
This makes it impossible to obtain an independent estimate of <j~d or C7*TIT)a rlii
2
Recall that the total variance <jT_,
}
from which one is able to










Therefore, unless one can obtain independent statistical estimates of these
properties it is not possible to accurately predict the number of borings










































































However, to obtain an estimate of the relationship between borings
2
and precision, upper and lower limiting values of Q were assumed. On
2
the basis of experience it is felt that the lower limit should be 0~ = k
2 2
which would give CT-rr-r, = 89 -^1 3-nd <5~1 = 51.06. The upper limit is con-
iiU si
2 2 2
sidered to <T = 3^» giving (T^ = 57-^1 and CT_, = 70.12. Thus, for
the lower limiting value
(T"T
2
= k + 89. Ul -:- 51.06 = lH.UT,
~2
and for the upper limiting value of Or
CTT
2
= 36 + 57.^1 + 35.06 = 128. ^7.
2
Based on the above values of 0"^ the curves of Figure 9 are obtained.
In Figure 9 '^be limit of accuracy is expressed both in terms of
R-value and pavement thickness. It is apparent that pavement thickness
is relatively insensitive to small changes in R-value. Also, it is evident
2
that the variation in (j produces a relatively insignificant change in
the number of borings required for a given degree of precision.
Considering . the swelling pressure it was estimated that the maximump p
value ofC would be 0.50 (psi) and the minimum value 0.1 (psi) . Thus,
2








= 0.1 -:- 1.9 + 1-33 = 3-33
respectively. Recalling that the number of borings required for a. given
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it is apparent that there vail be no significant difference between the num-
ber of borings required based upon the liraiting values of Q . The curve shown
2
in Figure 10 is for cTm = 3.33.
The limit of accuracy is expressed in terms of both pounds per square
inch and pavement thickness required to prevent swell. It is evident that a
small change in swelling pressure causes a large change in the pavement thick-
ness required to prevent s\\rell. For example, if there is an error in the
swelling pressure of 0,8 psi this would mean that the estimate of the thickness
required to prevent swell may be in error by as much as 10. 8 inches.
CBR Test
It should be noted that only six samples showed a CBR of more than 12
and that the great majority had CBR values less than 10. Of the samples which
had CBR values greater than 12, five were from the C-horizon.
In some instances it was found that the CBR value from the B-horizon
was greater than that for the C-horizon. This will be explained in the dis-
cussion of results.
An analysis of variance was conducted on the results and the relatively
small values of the mean squares was noted. This indicated that the variability
in the test results was low. One should also take cognizance of the fact that
only the county-topography interaction tested significant.
Assuming that the maximum value of CT =6 and the minimum value of
p




= 6 + 4.32 + 1.37 = 11.69
and <TT
2 = 2 + 8.32 + 3.37 = 13.69
These values are then used in establishing the curves of Figure 11, It is
o
evident that the magnitude of (j has a nominal effect on the number of bor-
ings required for a given degree of precision.
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It should, be noted that in practically all cases ome swell occurred.
The magnitude of the swell being greatest for the B-horizon.
Grain Size Analysis
The data from the grain size analysis will be considered in two parts -
the percent of material finer than 0.074mm (No. 200 U. S. Standard Sieve) and
the percent of material finer than 0.002mm. A summary of this information is
presented in Table 5. This table gives the maximum, minimum and mean values
of the aforementioned properties.
By observation of these data certain trends can be noted. It is apparent
that the soils are fine grained, and that the mean values for the measured
properties do not vary greatly with county. However, the range (maximum less
the minimum values) seems to be greater for the rises than the depressions,
when comparing counties.
From an analysis of variance of the data of the percent of material
finer than 0.074mm it was evident, due to the magnitude of the 1'jS values, that
this property is highly variable. Also, note that the factors vjhich tested
significant are horizons and the horizon-county-topography interaction. Based
on the magnitude of the "Horizon" MS it was apparent that this effect must be
held constant to obtain a reasonable degree of accuracy.
Since there is only one measurement per cell it is not possible to ob-
tain a statistical estimate of the error mean square CF" . Therefore, in order
to estimate the number of borings required for a given degree of precision it
2
is necessary to assume values of <T~ • In order to bracket the proper value of
(T2, it was assumed that the maximum value would be <f = 25 and the minimum
2
value (f '" =4. On this basis the estimates of the total variance are
34
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2 = 4 + 34.73 + 40.72 = 79.45,
respectively. These values along with the fact that
-°x ' t/-jL M
are used to establish the relationships shown in Figure 12. It is apparent
that variations in (T do not have a large effect on the number of borings
required for a given degree of precision.
Considering the data for the percent finer than 0.002mm, the only two
effects which tested significant were horizons and topography.
Based on the expected mean square of the between boring main effect
the maximum possible value of <T = 16.85 for data obtained. However, it is
felt that a more realistic maximum value would he CT = 9 and the minimum value
1. On this basis the estimates of the total variance become
G"
T





= l + 58.20 + 7.92 = 67.12,
respectively. Due to the closeness of the square root of the above tiro values
there is a negligible difference between the curves of limit of accuracy vs the
number of borings for the two cases considered. Therefore, only the curve for
<rT
2 = 67.12 was plotted (see Figure 13).
From Figures 12 and 13 the order of variability of the grain size dis-
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grain size property is the percent finer than 0.074™i» followed very closely
by the percent finer than 0.002mm,
Unconfined Compression Test
The soils were divided into three groups, based on Standard AASHO den-
sity, a compaction test was conducted on a member of each group to determine
the optimum moisture content for that group (see Figure 14 for typical curves).
Subsequently, unconfined compression test specimens were molded at the moisture
content representative of the group in which it was a member.
The main effects which tested significant, based on an analysis of vari-
ance, were depression vs rise (topography) and horizons. The only interaction
term \Jhich proved significant was the horizon-county interaction, ibre factors
did not test significant because of the large values for the horizon-boring
and between boring effects.
It was not possible to determine the error variance since only one test
was run per sample. Therefore, it was necessary to assume a maximum estimate
2 7
of the error variance of CT '" = 6 and a minimum value of CT =1, Based on the
maximum value QTij - 186.90 and for the minimum value y
-
^ = 204.41, From
these estimates of the total variance the relationship between the number of
borings and the limit of accuracy was determined (Figure 15)»
It should be noted that the unconfined compressive strength of the
B-horizon was greater than that of the C-horizon. Also, in comparing a given
horizon, it was found that the unconfined compressive strength of the depres-
sions exceeded that of the rises. No definite trend could be established as
regards the relative strengths of the soils in I'jadison County versus the soils
in Tipton County.
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The mean squares (MS) of the various estimates are indicators of the
relative contribution of these effects to the variance. Considering the effects
which tested significant it is apparent that the liquid limit is much more
variable than the plasticity index and the plasticity index is much more vari-
able than the plastic limit (the magnitude of the MS decreasing, for a given
effect, from the former to the latter.
This indicates that the plastic limit (PL) is relatively constant for
the given parent material area even though the values of the LL and PI may vary
over a large range. Thus fewer borings would have to be made to determine the
PL to a required degree of precision than either of the other two,
as an example of the above, let us assume four borings are taken in
the areas under consideration, "We then could predict the LL within approximately
+ 5*8 percentage points of moisture content, the PI within _+ k percentage points
and the PL within + 3 percentage points. This difference in the limit of ac-
curacy only decreases slowly with an increase in the number of borings.
The most important factor contributing to the variation in results is
horizon. This factor is much more important than any other factor as is indi-
cated by the extremely large value of the MS.
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The second most important contributor to the variation in the results
is topographic position i.e. whether the soil came from a rise or a depression.
The third is the interaction variation due to the relationship between topo-
graphic position and horizon.
There is not much difference between the other two factors which tested
significant (between borings in the C-D cells and the horizon-boring interac-
tion).
Since only one of the factors which tested significant is used to deter-
mine the relationship between the number of borings and the precision (Horizon-
Boring interaction), the other factors should be kept constant in future sampling
procedures to predict the mean value of the Atterberg limits. For example, data
from the B and C-horizon should not be used to predict the mean value of the
B-horizon. This is as one would expect from a knowledge of soil profile develop-
ment.
On the basis of the analysis of variance for the Atterberg limits it
was observed that the error mean square K^ / • •], \, is relatively large for the
LL and PL (5«71 and 5.22 respectively). This signifies that an error of as
much as _+ 2.39 percentage points of moisture, in the case of the LL, may be
introduced as a result of the test method and operator effect.
Factors Affecting the Atterberg Limit Results
At this point, it is necessary to consider the factors, other than bor-
ing location, topography and horizon which contributed to the variance of the
atterberg Limit results, in this study. A list of several factors is as follows:
1. Initial moisture content
2. Operator
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3, Depth at which the sample \ms obtained and clay mineral content.
Natural Moisture Content
It has been established for sometime that drying a soil sample before
testing significantly alters the Atterberg Limits. This is particularly true
if the drying is allowed to progress below the shrinkage limit. Consequently,
the values of the Atterberg Limits determined by conducting test on soil at its
natural moisture content may be significantly different from the values obtained
from tests conducted on air dry soil. The amount of the difference depends
upon the degree of plasticity of the soil i.e. the greater the degree of plas-
ticity the greater the difference.
As regards the C-horizon, the natural moisture contents were found to
be significantly greater than the plastic limit, for the depressions. However,
in the rises the natural moisture content, in most instances, was approximately
equal to or less than the plastic limit. The reason for this is no doubt due
to the position of the water table. In the depression borings water was en-
countered in practically every hole while borings in the rises intercepted
water in only one instance.
As regards the B-horizon, in Tipton County the natural moisture content
of the depression soils, in practically all cases exceeded the plastic limit,
while in Madison County it was less than or equal to the plastic limit. This
relationship is directly related to the position of the water table. In Tip-
ton County the water table lies much closer to the surface of the ground than
in Madison County, Therefore, considering capillary effects one would expect
that the natural moisture content of the B-horizon soils of Tipton County would
be greater than those of Madison County,
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The A-horizons of both counties had natural moisture contents, in most
cases, less than the plastic limit. This is to be expected since it is in
this horizon that ambient temperature changes have their greatest effect. Also,
this is the horizon in which the greatest fluctuation in moisture content oc-
curs, as one goes deeper below the surface the moisture content of the soil be-
comes more stable.
On the basis of the above information, it is evident that since the
Atterberg Limits were conducted on samples which were not air dried a portion
of the variance was due to the variation in the natural moisture content of the
samples.
Operator
A certain portion of the variance is due to the fact that four operators
were used. The number of tests conducted by each is as follows:




However, the possibility exists that there is a significant difference between
operators 1 and 2. Such is indicated by the relatively large value of the
error mean squares of the liquid limit and the plasticity index, and was shown
to be so on the basis of an analysis of variance.
45
Depth of Sampling
In this study an attempt was made to obtain each Atterberg limit sample
(for a given horizon) at the same depth below the surface of the ground. This
control may not have been sufficient because it does not take into consideration
the thickness of each horizon. For example, the clay content of the sample,
which is one of the major factors in determining the value of the Atterberg
limits, is a function of the depth below the surface of the horizon at which
the sample is obtained. For example, a sample obtained near the upper surface
of the B-horizon will be less plastic than one obtained from the lower boundary
of the B-horizon. Consequently, if the thickness of the horizons are not taken
into consideration a variability in the results will be introduced. Iftiether
or not this variatiozi will be significant is debatable.
In the C-horizon it was not always possible to take the Atterberg limit
samples at the same depth. The interface of the B and C-horizon was determined
by applying hydrochloric acid to the soil as it was removed from the hole.
When the acid was placed on material from the C-horizon a noticeable reaction
took place. The initial reaction sometimes occurred below the normal sampling
depth. Thus a greater variability of sampling depth was present in the C-
horizon.
Compaction Test (Standard AtiSHO)
It is apparent, due to the factors which tested significant, that for
the best results, considering the O.D., it is necessary to keep horizon and
topography constant. Such a procedure will result in the least number of
samples being required to predict the population mean value because it eliminates
the variability due to the interactions which tested significant.
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Considering the optimum moisture content data, the only factor which
tested significant, and not considered in the total variance is the horizon
effect. Thus, as far as obtaining the total variance, for a given horizon,
it would not be necessary to discriminate on the basis of topography or counties.
In other words, for a given horizon there is no significant difference between
the total variance of a rise and that of a depression regardless of county,
However, for the maximum degree of accuracy for a given number of borings,
horizons, topography and counties should be held constant. It is recognized
that the optimum moisture content and optimum density are determined simultane-
ously for a given soil. Nevertheless, from the standpoint of establishing
construction requirements, the above point minimizes the need for making a
large number of compaction tests.
Hveem Stabilometer and Swelling Pressure Tests
Compaction
Stability numbers (R-values from the Hveem Stabilometer) and swelling
pressures are a function of the method of compaction, the compacted moisture
content and density, lioisture content was considered to be one of the most
important variables. An attempt was made to compact the samples with _+ e 5
percent of the optimum moisture content. Certain characteristics of the com-
paction process and the compacted soils should be mentioned.
At moisture contents slightly in excess of the optimum, and in some
instances at the optimum value, there was appreciable shoving of the surface
under the action of the compactor foot (150 psi foot pressure), Whenever this
situation occurred, it always took place toward the latter phase of the compac-
tion process. Thus, the possibility exists that as the compaction process
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progressed there were created large positive pore pressures and that, with time,
these became sufficient to produce shear failure, under subsequent action of
the foot.
Another point to be considered is that this method of compaction may
result in a non-homogeneous sample. This is mainly due to the fact that com-
paction occurs from the top down. Consequently, one would expect a variation
in compacted density with depth. This fact no doubt affects the strength,
compressibility and swelling characteristics of the compacted soil.
R-Values
Due to the relatively small range of mean squares it can be stated that
no single effect had a dominant roll in determining the R-value. However, it
should also be recognized that due to this relative "uniformity", the total
variance estimate is much higher than for any of the other measured properties
(with the exception of the unconfined compressive strength). Thus, speaking
in absolute terms, the number of borings required for a given degree of pre-
cision is much greater (see Figure 9).
In essence, the stabilometer test is a triaxial test. Consequently,
the factors which affect the shearing resistance as determined by triaxial
test should affect the R-value (pore pressures, mineralogy, density, etc.).
Therefore, considering a given parent material group, it appears reasonable to
expect the variance estimates to be homogeneous.
Figure 9 shows the relationship between the number of borings, limit
of accuracy and pavement thickness. It is evident that though the R-value may
vary widely the resulting change in pavement thickness is relatively small.
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According to the Hveem method of pavement design, the thickness of pave-
ment required is determined as follows (5):





TI = 1.35 EUL * 11 = 8.71 (assumed), EWL is the total
number of equivalent 5000 lb wheel loads anti-
cipated for the design life,
R = resistance value (R-value) and
C = cohesiometer value = 200 (assumed).
Based on the above
T = 0.286 (90-R).
It is evident that there can be a relatively large variation in R-value
v/ith only a nominal change in design thickness. Thus, even though the stabilo-
meter values show large variation from hole to hole, the effect as regards
pavement thickness is much less variable due to the fact that traffic is the
primary control of pavement thickness. K' and TI are a function of traffic.
The variation in R-value encountered in this study as well as the fact
that the R-values for compacted soil from the B-horizon, in some instances,
exceeded that of the C-horizon may possibly be due to the effect of pore
pressures. Since the swelling pressure test preceded the stabilometer test,
the samples were tested at a high degree of saturation. Drainage was not allowed
during application of the load and the shear deformations caused an increase
in the pore water pressure.
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Those soils whose strength is primarily due to internal friction may
have low R-values depending on the rigidity of the soil skeleton and the degree
of saturation. If the soil structure deforms little at values of the vertical
normal stress less than 160 psi (stress at which the R-value is determined)
then the magnitude of the pore pressures mil be small and the strength compo-
nent due to internal friction will be large. Naturally, in the case of a com-
pressible soil skeleton or high degree of saturation the converse is true and
one might obtain a low R-value.
For soils whose strength is derived principally from cohesion the situ-
ation may be different. In such cases, the effect of pore pressures can be
much less if the strength which results from cohesion is not as greatly depen-
dent upon the effective stress on the failure plane at failure as is the
strength component due to friction. Depending upon the magnitude of the
strength contributions from cohesion and internal friction, the degree of
saturation, the clay minerals present and the rigidity of the soil structure,
it is quite possible to have the R-value for the B-horizon exceed that for the
C-horizon.
Another point to be considered is that the optimum moisture content for
each sample was not available. It was assumed that the O.li.C. as determined
from a representative sample was appropriate for all the members of the group
from which it was selected. The assumption is reasonable, but the degree to
which it is valid, in all probability, had an effect on the results.
Swelling Pressure
Factors which affect the swelling pressure may be listed under two
general categories - physio-chemical and mechanical. Seed, liitchell and Chan (4)
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have shewn that the mechanical aspect of the swelling phenomena may at times
be of such magnitude that it cannot be neglected. However, since all samples
were prepared in the same manner it was assumed that the mechanical aspect of
the swelling phenomena could be neglected when considering the variation be-
tween samples.
It should be noted that the horizon variance tested significant as did
the horizon-topography interaction. Considering the physio-chemical aspects
of the clay minerals present in these soils such is to be expected. The quantity
of a given type of clay mineral present in a sample depends on the horizon from
which the sample was obtained. Also, if the minerals of one horizon have a
greater affinity for water than the other then one would expect the greatest
amount of swell in the soil with the higher affinity.
Considering the horizon-topography interaction, the fact that it tested
significant was anticipated. In a rise the soil is well drained while in a
depression it is poorly drained. The non-expanding lattice clays are predom-
inant in the rises while in the depressions expanding lattice clays are in
the majority since the expanding lattice clays are generated best in environ-
ments where there is an abundance of moisture.
It should be emphasized that the exact quantitative relationship between
the quantity of a given clay mineral and the amount of swell was not determined.
The main reason for this is the heterogeneity of the amount of clay minerals
which may exist at a given point in a given soil mass and the variation in
chemical composition as well as variation in the weathering stage. Neverthe-
less, qualitatively one can estimate the effect of both quantity and type of
clay minerals on the swelling properties of a given soil.
51
On the basis of the swelling pressure test it was found that this factor
varied greatly with change in moisture content. In some instances a change in
moisture content of 1 percent caused a change in the swelling pressure of as
much as 3 psi. Such results in a change of flexible pavement thickness re-
quired to prevent swell of 40 inches.
The above represents an extreme circumstance, but a difference in
thickness of one-tenth this amount is intolerable. Consequently, in those
circumstances where the soil may come into equilibrium with free water it is
necessary that its swelling characteristics be adequately defined. Correspond-
ingly, if the soil is to be used as borrow its compaction moisture content
should be specified in such a manner that difficulty from excessive swell will
not arise.
It should be noted that the moisture content at which these samples
were molded is representative of the O.Ii.C. of the sample. Compaction of a
soil at optimum moisture content and its corresponding density generally yields
satisfactory results in regard to swell under prototype pavements.
It should be pointed out that in addition to satisfying stability require-
ments, it is necessary to insure that the pavement will not heave upon coming
in contact with free water. Both requirements are satisfied if the thickness
of pavement is adjusted so that thickness by R-value is made equal to thickness
by expansion pressure. This will usually result at a molding moisture content
different than the optimum value. Nevertheless, it should be noted that in
most instances the thickness required for stability, at the O.Ii.C, is less
than the thickness required to prevent swell. Consequently, the desirable
placement moisture content in the field in all probability is greater than
the O.Ii.C. obtained in the laboratory.
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The data suggest that in spite of the small hole-to-hole variation in
thickness indicated by the stabilometer test the combined effects of swelling
and R-value may result in extreme variation, as is shown by Figure 10, a small
change in swelling pressure means a relatively large change in thickness re-
quired to prevent swell.
CBR Data
It is of interest to note that in many instances, the CBR value for
compacted soil from the C-horizon proved to be less than the value for the B-
horizon. This is contrary to the normal trend and the difference, although
not large, was consistent throughout much of the program.
The most probable causes of the event must lie in the degree of satura-
tion of the upper inch of the sample and/or the difference in quantity and type
of clay minerals present in the B and C-horizons. Although the mineralogy of
the soils may have contributed to this effect a definite relationship could
not be established on the basis of the data available.
Of the 29 borings in which the CBR value of the C-horizon was found to
be less than that of the B, the moisture content of the upper inch of the
sample was much closer to the liquid limit for the C-horizon samples. Recall
that the strength of a soil at the liquid limit is very low, approximately 25
gms/cm , and is much greater at the plastic limit. Thus, under the conditions
enumerated above, it is to be expected that the CBR value for the B-horizon
might be greater than that for the C-horizon.
For CBR values equal to or less than 12 the following formula was used








t = design thickness of the pavement structure in
inches
P = total wheel (or equivalent wheel) load in pounds
p = tire pressure in pounds per square inch.
However, for CBR values greater than 12 the curve representative of the above
was extended as shown in Plate 1 of reference (2).
Total wheel load was assumed to be 5000 pounds and the tire pressure
70 psi. Also, it should be noted that the thickness obtained from equation (7)
is for 5000 coverages.
In order to keep the effect of repetition of load on pavement thickness
approximately constant for both the stabilometer and CBR tests it is necessary
that the CBR requirement for thickness be adjusted for a number of coverages
equivalent to 23.3 million repetitions of a 5000 pound vrheel load (see page 4A)
Based on Table 4.4 of reference (5) it is seen that there are approxi-
mately 2.2 trips of a 5000 pound wheel load required for one coverage. There-
fore, the thickness obtained from equation (6) should be adjusted for 10.6
million coverages. The adjustment in thickness will be made in accordance with
Plate 3 of reference (2).
Based on an extension of the aforementioned plate it is found that for
10.6 million coverages 176 percent design is required. Thus the pavement
thickness determined on the basis of 5000 coverages must be increased by 76
percent.
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Comparing the thickness by CBR with the thickness by stabilometer, for
the same number of coverages, no definite trend could be established for all
the data. Considering the B-horizon in some instances the greater thickness
of pavement was obtained utilizing the CBR method and on about equal occasions
the stabilometer gave the greater thickness. However, considering the C-
horizon, in the great majority of cases the CBR method produced the greater
thickness.
Finally, one should note the effect of variation in CBR value.
It was observed that the total variance of the CBR is relatively small.
However, at low values of this parameter a small variation in CBR value pro-
duces a large variation in thickness (see equation 7).
Unconfined Compression Test
The large variability of the unconfined compressive strength is possibly
due to variations in cohesion and moisture content. The former is also a func-
tion of the quantity and type of clay minerals present in a given sample.
A certain amount of cohesion is required for stability of unconfined
compression samples. This cohesion allows a greater time to reach the failure
load and hence a greater strength. There is a greater quantity of clay in the
B-horizon than the C-horizon and it was anticipated that the former had the
greater strength. The aforementioned factors also tend to explain why the
unconfined compressive strengths of the depression soils were greater than the
rises. On the basis of the above, since the unconfined compressive strength
is very sensitive to the amount of cohesion, it is to be expected that the
variability of the results would be large.
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The unconfined compressive strength of a soil varies with its compacted
moisture content. Loisture density curves were not established for each sample
and therefore this may have introduced a small error.
as a result of the factors which tested significant it is necessary to
hold topography and horizons constant when using this test as a measure of
variability. However, due to the large value of the total variance the uncon-
fined compression test is a good measure of variability. At the same time it
is too sensitive for practical use. For example, a soil would have to be excep-
tionally homogeneous before the variation in results would allow a reasonable
number of samples to be taken to define adequately this property over a rela-
tively large area.
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SUMMhRY OF RESULTS hND CONCLUSIONS
The method of selecting boring sites and the number of borings depends
upon the factors which tested significant in the analyses of variance. For
the most precise results, the factors which tested significant and are not
included in the determination of (f~™ should be held constant. With this in























Unconfined compressive strength Topography and horizons
County never tested significant for any of the properties listed above.
Theoretically this means that one could sample the soils in Tipton County and
use the results of tests on these samples to predict the properties of soils
in Ikdison County. However, this is not too safe, because failing to find
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significance does not prove that there is no difference, there simply was no
reliable evidence of any difference. If there is a difference between counties
it is likely to be relatively small. Hence, to obtain a more accurate estimate
it would be better to base the estimate on samples from both counties. For
example, if it is desired to define certain properties of a soil within a speci-
fied limit and ten borings are required, if the areas of interest are far apart
it would be better to base estimates on five samples from each area rather than
ten samples from one of the areas. The aforementioned is based on the assump-
tion that the soils in the areas are of the same pedologic classification and
have similar airphoto patterns.
In using the total variance estimates to determine the number of borings
required to define certain properties to within specified limits, one must con-
sider the effect of an error in classification. The total variance estimates
contained in this report are based on soils pedologically classified as Brooks-
ton (depressions) and Crosby (rises). Consequently, the variance estimates are
strictly valid for these soils alone. Consequently, if the data were applied,
by mistake, to soils which did not fit either of these classifications error
might result. However, the magnitude of this difference cannot be ascertained
v/ithout similar research projects on soils of various classifications.
It was assumed that the variance of the measured properties was inde-
pendent of horizon. This is logical since the B-horizon soils were derived
from the C-horizon soils. However, it was not possible to check this assumption
bacause the B and C-horizon samples were obtained from the same boring. This
correlation cannot be taken into consideration statistically.
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There are several approaches to the use of information on the variability
of soils for design. If the mean value of the design parameter is used this,
in general signifies that 50 percent of the time the structure will be over-de-
signed and 50 percent of the time it will be underdesigned. If this situation
is not satisfactory it can be altered by using the computed standard deviation
of the mean with the proper significance level. The procedure is as follows:
1. Determine the standard error of the mean, as previously
shown (equation 2).
2. Based upon the significance level chosen, establish the
relationship bettreen the number of borings and the limit of
accuracy, as previously indicated (equation /+)•
3. Subtract the limit of accuracy" from the mean value obtained
from n number of samples.
4. Determine the pavement thickness required on the basis of
the value obtained from operation 3.
The above procedure will insure that on the average the pavement x-ri.ll
prove satsifactory 100(1- ©0 percent of the time. In the preceding statement,
oc is the significance level chosen. In this study o< = 0.05. Naturally, if
in step 3 the limit of accuracy were added, instead of subtracted, the result-
ing design would be unsatisfactory lCO(l-OC) percent of the time. This method
assumes normality in the distribution of the measure in question.
Based on the information presented in this report the following conclu-
sions appear justified:
1. In order to minimize the variation in results due to differences
in weathering stage of the clay minerals, all samples should
be taken from the same depth below the surface of the horizon
under consideration.
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2. The low variability of the optimum moisture content data
indicates that the number of samples required for construction
control \rould be few,
3. To give a realistic value for the areas under question a
minimum of six samples will normally suffice, .actually, the
number of samples required depends upon the degree of pre-
cision required for the properties of interest. Ho\:ever,
with the exception of the highly variable properties the
aforementioned number of samples should suffice
o
4. The atterberg limits are affected by the amount of drying
to which the samples have been subjected. Consequently, if
facilities are not available in which the soils can be
maintained at a constant moisture content, it \>/ould be
best to air dry all samples prior to conducting the test.
This would reduce the variability of the results.
5» assuming good laboratory technique, the effect of the
operator and testing procedure depends on the magnitude of
the total variance . For large values of the total variance
the effect of large variations in the error mean square, on
the number of samples required for a given degree of precision,
is small. However, to increase the accuracy of variability
studies it would be best to use just one operator for a given
series of test.
6 Due to the magnitude of the error which may be introduced
into the results of atterberg limit determinations, as a
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function of the test procedure and operator effect, it
appears that a one-point method of determining the liquid
limit is justified.
7. The Hveem method of flexible pavement design, as regards
stability, is relatively insensitive to the strength proper-
ties of the soil as determined by the R-value. Large variations
in R-value can occur with only a relatively small change in
pavement thickness required for stability. This is due mainly
to the fact that design thickness is principally controlled by
traffic considerations.
Conversely, the variation in the swelling pressures is re-
latively small. However, a small change in the swelling pressure
results in a large change in the thickness required to prevent
swelling. Due to the fact that both stability and swelling
requirements must be satisfied, in the Hveem method of design,
there may occur large variations in required pavement thickness
for a given area.
8. The variance of the CBR values was relatively small. However,
they are in the low CBR range with the result that a small
change in the CBR value necessitates a large change in pave-
ment thickness.
9. Based on the variability of the data presented in this report,
it appears that designing on the basis of soil classification
or some other simple procedure is justified. This is due to
the large variation in design thickness which vri.ll occur with-
in a given area due to the variation in the parameter x^nich
forms the basis for the design. Also, such variation in results
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strongly suggests the use of a statistical approach to pave-
ment design.
10. Disparity in variability between the unconfined compression,
CBR and stabilometer tests is probably due to the failure
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